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Laser Scanner Measuring System 



T.e present invention relates to a laser scanner measuring systen. for nneasuring objec|s 
accessible from one side and/or having complex shapes or s,ruct.res^i..ccar,la«ee^ 



Prior Art 

ror Measuring bodies accessible from both sides telocentric laser ^—'^l^^ 
^sed multiply. Fig. 1 illustrates the principle of these scanners. The scanner un,t (1 , en.„s a 
aser beam 2, directed onto the opposite receiver unit ,4). When an obiect to be measured 
3) is not Placed into the beam path the beam will arrive In the receiver without be.ng 
need and Is detected ,U with a photo diode (6) disposed in the focal point of the opf oal 
system Of the receiver (5). When the beam hits an object to be measured It Is vignetted. For 
measuring, the laser beam is shifted In parallel with the line interconneCng the scan e 
Tnd the receiver at a constant rate (scanning rate v,. V^en the scanning rate ,s .nown 
possible to calculate the size of the object tc be measured along a direcfon norma, on the 
shifting direction by derivation from the beam vignetting penod. 
The scanning rate can be talen into consideration according to the following methods: 

is maintained constant, e. g. by means of an automatic controller, and this constant 
value is considered as a parameter in evaluation; 
2 It is measured. The measurement is performed, for example, Indirectly via a measure- 
ment Of the angular speed of the deflector unit in the scanner or *-"V -ans o 
.wo photo diodes (7, invariably arranged in the scanner. The photo diodes detec he 
Of scan start (t..„) or of scan stop (t.,,. The scann.ng rate is the guo,,en of the 
spacing o, the photo diodes by the time difference between the scan stop and the scan 
start. The spacing of the photo diodes Is determined by cal,brat,on 
in other scann.ng concepts a specific diaphragm and two photo diodes are used instead of 
;ne Photo diode ,n the tocal plane of the optical receiving system <FP 0 439 B03,. Th.s con- 
cept permUs the measurement of the shadow cast by objects hav,ng an extens.on smaller 
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In 



.,an *e bea. dia.e.er o. the laser bea.. To ,Hs end, .he FraunHofer «rac.,on pa ern 
aLysed When .he laser bea. ,s dlreCed precisely on.o .he objec. .o be .easu ed. Th,s 
p o. .,.e ,s charao.er,sed by .he ,ac. .ha. .hen ,he su. o. bo.h .n.ensU.es ,s . a .a.- 
Z The size of .he objec. .o be .^sured Is .hen de.ern,ined by deriva.,on from he ra.,c 
:,rein.ensl.les measured bvn,e.nso..he individual phCcdlodes by .ha. pen. 0H,n.e. 

Problems . 

\ ,he las, analysis, .he laser scanners described above are only s.i.ab,e for measuring 
oblel a cLslL fro. bo.h sides. On principle, a„ .hose properties can be measure 
:rrerra co.p,e.e vl.ne«in. o, .he laser beam by .he c.ec. .o be measured. Such 
properties are, for instance; 
. the diameter in the case of solid rods, 

, the maximum ex.ension along .he scanning direCion (.he dlreCion In which .he laser 
Team moves .hrough .he measuring f.eld in .he course o. .ime, In .he case o. prCled 

bodies, 

. ..e wld.h Of .he .ee.h or .he gaps befween .he .ee.h In .he case of comb-shaped s.ruc- 
tures. 

Properties of an obJeC, which do no. resul. in complete vlgne,.lng or in Fraunhofer diffrac^ 
rtpelely, or measuring ob.Cs accessible from one side only canno. be measured 
by means of telecen.ric laser scanners in accordance with pnor art, 
..e problem underlying .he Inven.lon consis.s in .he Improvemen. o, - 1- ^^^^^^^^ 
measunng sys.em In such a way .ha. i. will be suitable for measunng ob.eCs a cessible 
" side and.r 'ha.ng complex shapes or s.ruc.ures. In accordance w .e ,nven^ 
,ion .his is achievedNpy V — ' "^^="""3 

: Cdiere^^^^^^^^^^^ o, .he measuring sys.em are charaCerised In .he dependen. 
claims. 



x'he sub,ec. ma«er>of .he invention Is a laser scanner measuring sys.em for measuring ob- 
- \' acLslble from on\ side and,or having complex shapes or structures, wh,ch ,s 
\ adapted to be configured. 
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iasure^en. fro. one side is achieved by .eans of 
":^Z^ZZ^^^^^o. consists. ,0. instance, o, a co.b.ned un„na. 
i 1 eiving uni. (C. i.en. S in Fig, 2). The iaser bean., which is en^itted fron. .he laser 12^ 
; es ou.^ bean, sp,i.,er 1. and arnves, via the defieCor unit tO and the combined 
i a, e^ittelaoeiving uni. 13, in the outside space. When the laser bea. h,ts on a re- 
surface elentent o, the object to be measured, which has a surface nor.a, co.nc, d- 
nTIi h the direction o, the laser t=ea., the laser beann is reflected bac. into the rece, r 
unit I. arrives, via the optica, system, the deHector unit and the beant splitter, on th de 
el 6 It is then possible to derive the position of this surface element with an oneht t,on 
T on the laser beam from the measurement of the point of time by which the laser 
ra—:::-- manner i.ispossib,e,fore.amp,e,tod^ 
a polished or glossy rod having a circular cross-secHon, 



The extension of objects having a dull surface can be measured if the scattering properfies 
Inhr;ectsurface can bedistinctly distinguished from the scattering oharactenst,cso,the 

background 9. 

^r. ^hi^rt .surface having scattering properties varying in 
"^rr:^:: o r a distU different scattering charac 

the measunng field ^^^^ ^ 3,,,, ^tate and a glossy 

::r::::::~ce,\tispossibietodeterm,nethesi.oft^^ 

from the development of intensity versus time. ^ ^ ., ^. , , , 

The measurement o, the beginning or the end of a scan can be achieved * r^^ 

-tro-ref.ec,ing markers (sheet poih.s),are ar- 
CdTtrir reoeirr. The points of time can then be detected by means of 

the receiving diode. 

receiving unit with an offset. With special configurations or arrangements of the 
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retro reflector specifc types ^of measurement can be implennented. The following particu- 
larly excellent embodiments should be mentioned here as examples: 
- when the sheet reflector (9b in Fig, 2b) Is used It Is possible to determine the cast 
shade and to derive from the shade the outside contour of an object to be measured, 
which is practically accessible from one side only; 
, other retro reflectors (in the form of two mirrors orthogonal on each other (of, 9c In Fig, 
20 prisms or retro reflectors consisUng of a combination of two spherical lenses or cy- 
lindrical lenses, respectively, which is made reflective on the rear side (9d in Fig. 2d)) 
permit the measurement of the maximum or mean extension of the object to be meas- 
ured via the direction orthogonal in the axis of symmetry of the retro reflector, depend- 
ing on the dimensioning of the optical and electronic systems of the scanner system. 

Apart from the possibility to detect further geometnc parameters of the object to be meas- 
ured or the possibility to measure objects accessible with difflculties only, an inventive array 
with retro reflectors offers the advantage that only one unit must be cabled. When a sheet 
reflector Is used it Is moreover not required to adjust the reflector unit, 

A very precise determination of the point of time by which the laser beam hits the object to 
^ V^asuredxarrt^imptementedtyWeprovistensaccerdingteCta^^ 

' that a dark stop Is arranged ahead of the photo detector, and 

, that the electronic analysing system determines the point of time by which the radiation 
^incident on the detector reaches a maximum level, 

/ Xhls technlgue of'evaluation makes use of the diffraction of the limiting rays on the object 
edges, ,t is only slightly Influenced by variations of the laser output and a variation o the 
intensity of the laser radiation ,n the course of the scanning operation. It can be realised 
with both a laser scanner with separate emitter and receiver units (cf. Fig, 3) and laser 
scanners comprising a joint emitter/receiver unit (cf. Fig, 4), In the latter case it may be ex- 
pedient to dispose an additional lens 16 ahead of the dark fleld stop, 
K When telecentnc laser scanners In correspondence with prior art are used to measure 
"glass tubes malfu^nctloning may occur because there are three additional excellent beam 
paths, apart fr^ the shade edges on the outside diameter, along which light arrives from 
the scanner unit in the receiver. 
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tube centre: .he tube produces .he e«ec. of a ,ens .here, .he cen.ra, beam arrives on 
the de.ec.or praCically wi.hcu. any weakening; 
2 two retteCions on .he inner wa„: .he rad.at.on incident on the tube is refracted, when 
entering the tube, towards the centre o, the tube, is reflected on the inner wal, and un- 
dergoes further refraction when leaving the tube. The incident and emerging beams ^e 
paraile, to each other a, precisely two locations on the tube so .ha. .he beams can 
detected in the receiver. The positions o, these locations on the tube ,s dependent on 
.he diame.er, .he thickness of the wall and the refractive index of the tube. 
The amplitudes of these signals is lew in arrays in correspondence with pnor 3^ 
«,ey re suitable to interfere with measurement. One of the inventive arrays^— - 
!Zl«^leads .0 .he effect that the reflections on the inner wall prov.de ven, well de- 
rr:; : 1 1 a high sNgnal.to.noise ratio from which the wall thickness o, the tubes 
: elated. These signals are appropriate for very good analysis by d_r. 
.nose points of time by means of the electronic analysing system by wh.ch the s,g I 
reaches ioca, maximum levels. One method to this end consists in a verifica.,on of the fol- 
lowing conditions by means of the electronic analysing system, 
1 The derivative of .he signal presen.s a zero crossing; 
2, The signal exceeds the noise. 

When the times by which both conditions are satisfled are measured the '>'^^^^_ 
values Of the wal, thickness can be detected on glass tubes in a manner comparat,vely 
sensitive to interference. 
^. interference may occur With this type of evaluation of the edges and the reflection when the 
■ 1— must be performed in a dust-loaded environment or in an , 
sent,ng strong movements or turbulences of ,he air. In these cases a system ^d»,g 

an e employed to achieve a\ubs.antial increase of the robustness o, the ..eas- 
Tel!. .his end the rece.ver beam path is split by means of a beam splitter 17 (cf , . 
and Pig e, in such a way that one par. of the radia.ion arrives on a pho.o d.cde w,.h 

p 0. le. The edges can be de.eCed ,n the aforedescnbed manner T e intens. 
me urement, wh.oh ,s additionally prov,ded. is used to ensure that only signal max.m m 
Tn t e zone between the shadow edges wiil be used for evaluat.cn. Interference caused by 
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striation in the air or By dust in the zone outside the shadow edges are eliminated by inhib- 
iting the evaluation as 16ng or as or soon as the signal on the second photo diode exceeds 
a threshold (which can be set If necessary). 

An equivalent detection of the edge and reflection positions can be performed when, *r«or- 
..espondence^eteim^. a photo diode array or a photo diode matrix is arranged, .nstead 
of one photo diode, in the focal plane of the optical system of the receiver or behind the 
beam deflector unit. It must be so disposed that one element of the array detects that frac- 
tion of the radiation which passes through the outside space without any interaction with the 
ob,ect to be measured. The signal of this element displays a development versus time 
which can also^l detected with the second photo diode «^rr^n-ai^^eoer*nrH>«la™^. 
but it has the double amplitude (since losses are not created on the beam splitter). 
When a position-sensitive photo diode (-,f.£t«m^ is provided it is possible to measure the 
position of the shadow edges or of the inside reflections, and additionally the mean differ- 
ential angle of the surfaces of a partially transparent obiect to be measured, relative to the 
scanning direction and the scanning plane. The additional measurement makes use of the 
effect that the angle of the surface elements entails a deflection of the transmitted beam, 
which can be detected as level offset in the focal plane. 
■ A position-sensitive photo diode moreover permits the simultaneous detection of the reflec- 
ion on the object surface ^nd of the tilting angle of the object relative to the scanning plane. 
TO this end it is Incorporated as a sensor in a receiver which>.conBspcvier,ce«tW3ta,m 
^ is arranged at an angle dWerent from 0' or 180" relative to the optical axis of the scan- 



ner. 



C x When two receivers are arranged on opposite sides of the object to be measured, at an an- 
%le relative to the scanning direction it is possible to measure objects to be measured which 
have an extension wider th^n the width of the scanned zone. When the receivers are ar- 
ranged for instance, a, an angle of i 90' relative to the beam direction a reduction by a 
factor of 2« is achieved fi>r objects having a circular cross-section. This means that objects 
having an extension up to 1 .4 times that of the scanned zona can still be measured. 



The arrangement of several (additional) retro reflector units on appropnate locations 
stitutes an equivalent, provided that a combined emitter/receiver unit is used (cf. F,g 7) 



con- 
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The angle of the receiver or the retro reflector unit(s) relative to the scanning direction can 
be selected so as to vary the scale of reduction over a wide range. 

When several retro reflectors are used for measurement and arranged, for example, at an- 
gles of 180°. +90° and -90° relative to the scanner unit the centre and several points along 
the periphery of the object to be measured are obtained (cf. Fig. 7). On the basis of these 
values it is possible, for instance, to measure the variation of the shape of the object to be 
measured from the ideal shape. The measured object cross-section can be defined, for in- 
stance, by an ellipse. The variation of the cross-section from an ideal circular shape can 
then be determined from the parameters of the ellipse. 

When such an array is arranged with a scanner having a convergent or divergent emitting 
direction two tangents on the object to be measured can be determined from the limiting 
rays (shadow edges). Additional points on the object surface are obtained by an evaluation 
of the retro reflected beams. It is possible to determine the diameter and the position of the 
object to be measured in the scanning plane from these measured parameters. 

This arrangement entails further advantages when transparent tubes are measured. The 
distance between the rays reflected on the outside wall and the inside wall is substantially 
greater with this array than in the 180° array. It allows therefore for an improvement of the 
measuring precision or the measurement of thin-walled tubes, respectively. 

Further geomethc characteristics of the object to be measured are accessible to measure- 
ment if,4T™rre*pe«d«Bce^^^ the laser beam is split by optical means (such as a 
grid disposed in parallel with the scanning direction) in a direction orthogonal on the scan- 
ning plane. When separate receivers are used a separate receiver is provided for each 
scanning line. When a combined scanner/receiver unit is used a grid is arranged preferably 
ahead of the beam splitter for splitting between the paths of the emitted and received 
beams, and splitting is performed by means of the grid. Then one respective photo diode or 
an element of a photo diode array is disposed in the path of the received beam in the focal 
point of the optical system per beam path to be evaluated. Due to the splitting of the scan- 
ning beam path into several partial beam paths it is possible to determine the development 
of the object geometry along the plane orthogonal to the scanning plane. With this provision 
it is possible, for instance, to detect reliably a conical extension of the object contour or a 
curvature of the object to be measured. 
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A wider angle between the partial beam paths can be achieved, if necessary, by the appli- 
cation of an optical cylinder system in the emission beam path. 

An extension of the measuring method becomes possible by an optical structural element 
for splitting a laser beam into several partial beam paths located in the scanning plane (et. 
-SteiB^. for instance a gnd having lines extending orthogonally on the scanning plane). 
When the element is disposed in the zone between the laser and the focal point of the opti- 
cal scanner system several beams hit the deflector unit in the focal plane of the optical 
emitter system. As a result, the scanner unit emits several beam bundles. They are located 
in the scanning plane (the plane defined by the scanning direction and the optical axis) but 
they present angle relative to the scanning direction (which may possibly vary as a function 
of the site) These beams are vignetted, diffracted or reflected on the measured object. To 
this end there one photo detector or an element of a detector array must be provided there 
per partial beam path. It is then possible to measure the position of the object in the illum,- 
nated plane via an analysis of the shadow edges or the reflection or diffraction peaks, re- 
spectively, of the corresponding development of intensity versus time. 
The arrangement of polarising beam splitters in the beam path ^accotfltng-to-^te^n^O^- 
permits the detection of the polarisation state of the detected radiation. In this way, those 
obiect properties can be measured which lake different Influences on the polarisation states 
of the transmitted beams. One respective additional detector element must be provided per 
measurand to be detected, in addition to the beam splitter. The object characteristic to be 
detected can be determined from the differences between the intensities. 
' For birefnngent 5r optically active sheets it is possible, for instance, to determine the length 
of the optical path and t^s the thickness of the layer or the ability of rotation towards the 
optical axis To this end a scanner with a circularly polarised laser beam is used, together 
with a polansing beam splitter in the emitter or receiver beam path, and for each for each 
partial beam path a photo detector (element) is disposed. 

Further additional parameters of the object can be measured, which take an influence on 
the polansation of the transmitted radiation, provided that the radiation components of dif- 
ferent polarisations are split both in the emitter and the receiver beam paths 
When in addition to this splitfl^ 4a«orri-^4-^«-^°- or several Alters are inserted 
~l„,o the receiver beam path. wWch are selective in terms of wavelength, it is possible to 
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measure the following parameters for substances (such as PET) displaying an intrinsic po- 
larised fluorescence: - 

1 position of the object and extension in the scanning direction, 

2. development of the 1=^ momentum of the orientation distribution function, 

3. development of the 2- momentum of the orientation distribution function. 

in the case of PET the intrinsic polarised fluorescence occurs selectively in the non-crystal- 
line zones These are decisive for the mechanical properties and for the receptivity for dyes 
of the object Via a measurement of the momentums of the orientation distribution function, 
it is possible to use the aforedescribed system for a selective detection of the development 
and gradient of these parameters in the material. 

Further charactenstic parameters of the object to be measured can be detected if.™cor^ 
■^ance^XTHiTTH^two beam paths (the beam path coming from the object and a (possi- 
bly modulated) reference beam path or a second beam path passing through the object 
space or coming from the object) are superimposed in the receiver unit in such a way that 
the beams will interfere with each other. Depending on the configuration of this beam path 
and the signal analysis it is then possible, in addition to the detection of the aforedescribed 
characteristic parameters, to detect the spacing or the contour of an object to be measured 
along the direction of the optical axis, or to detect the velocity of the movement of the object 
to be measured through the scanning plane. When the retro reflector principle is applied it 
is possible to establish the reference beam path in the form of a Michelson interferometer, 
for instance inside the combined emitter/receiver unit. In the event of application of a sepa- 
rate receiver unit the reference beam path (passing by the object to be measured) can be 
guided through the object space or by means of optical guides from the scanner to the re- 
ceiver. ^ 

The aforementioned types ot measurement may be combined with each other almost op- 
tionally This can be realised in a particularly expedient manner when a modular system is 
provided which consists of a scanner head, a measunng module and possibly a receiver 
housing with the optical system. The scanner unit 1 consists of 



a laser (12), 



3 deflector unit (10), and 
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an optical system 19, 

as we,, as the fCow.ng add,,,cna, components, i, necessary (when the reflection or re.ro 
scattering is measored or when a retro reflector unit is employed): 

receiver module (20) 

scan start and scan st^p reflector (14). 
The receiver module is provided with means for mounting detector modules thereon (of, the 
schematic lustration ,n Fig. 11b), lenses or mirrors (items A to H in Fig, 11a, and beam 
splitters (Of, items S.1 J, St3 in Fig, 11a), Depending on the equipment of the receiver mod- 
u,e and the se,ected arrang^ent various measured parameters can be derived. Some ex- 
amples thereof are listed in Table 1 : 



Mode Receiver 
1 separate 
180° 



combined 



Object 
glass tube 

glass tube 



separate 



combined 



combined 



transparent 
fibres 

transparent 
fibres 



optically 
active layers 



Parameters 

diameter, 
wall thickness, 
position of centre 
diameter, 
wall thickness, 

position of centre 

position 

diameter. 



Element 

photo diode array D2 



beam splitter 50% Sti 
photo diode array D2 C 

beam splitter polarising Sti 
annular photo diode D4 B 
C 
St1 



combined rods, tubes diameter, 



degree of polarisation photo diode D1 
position beam splitter 50% 

diameter, beam splitter polarising St2 

degree of polarisation annular photo diode D4 B 
photo diode D1 C 

beam splitter 50% Sti 

beam splitter polansing St2 

photo diode array D2 B 

photo diode 1 C 
grid parallel to 
scanning direction H 
lens B 
beam splitter 50% St1 



extension, 
thickness of layer 



conicality, 
deflection 
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diameter, 
position in the 
scanning plane, 
conicaiity, 
deflection, 
velocity 



lens 

beam splitter 50 % 
photo diode array D2 
photo diode array D3 
two-axis grid 
beam splitter 
lens 

beam splitter 50% 
lens 

beam splitter 50% 
photo diode array D2 
photo diode array D3 
photo diode D1 
(active) mirror 



B 

St2 
D 
E 
H 

St3 
C 

St1 
C 

St2 

D 

E 

F 

G 



Table 1: Examples of different configurations of an inventive laser scanner measuring sys- 
tern 

^^application for oontrolling manufacturing processes as they detect relevant process pa- 
rameters which are then supplied as input signals to a process controller or automate con- 
trol system. 
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